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Description 



FM DEMODULATOR INCLUDING A DC 

OFFSET DETECTOR 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The present invention relates to an FM demodulator, and 
more particularly, to an FM demodulator including a DC 
offset detector. 

[0003] 2. Description of the Prior Art 

[0004] Please refer to Fig.l. Fig.l is a schematic diagram of a 

conventional FM demodulator 10. The FM demodulator 10 
includes a delay circuit 12, a multiplying circuit 14, a low 
pass filter 16, and a comparator 18. An input signal is 
firstly processed by the delay circuit 12 to obtain a delay 
signal of a 90 degrees delayed phase. The input signal is 
then multiplied by the delay signal by the multiplying cir- 
cuit 14 for obtaining a product signal. The amplitude of 
the product signal is proportional to the amplitude of the 



input signal as well as the angular frequency of the input 
signal (intermediate frequency plus frequency deviation). 
If the input signal is held to a constant amplitude by 
means of automatic gain control (ACQ or use of a hard 
limiter, the product signal will have an amplitude propor- 
tional to the frequency deviation. The product signal is 
thereafter passed through the low pass filter 16 to remove 
signal components at intermediate frequency and multiple 
frequency so as to obtain a demodulated signal. The de- 
modulated signal is finally delivered to the comparator 18 
for obtaining a pulse signal. 

[0005] The conventional FM demodulator 10 requires accurate 

delay elements and filters with accurately controlled phase 
characteristics to generate the delay signal of an approxi- 
mate 90 degrees delayed phase. Otherwise, excessive DC 
offsets will occur. Another source of DC offsets is refer- 
ence oscillator inaccuracies which result in the intermedi- 
ate frequency being offset from its nominal value. Since 
the comparator 18 converts the demodulated signal into 
the pulse signal according to the DC voltage of the de- 
modulated signal, DC offsets disable the comparator 18 
from generating an accurate pulse signal. 

[0006] There are two methods in the art to solve DC offset prob- 



lems. The first method is to use an RC filter for obtaining 
the DC voltage of the FM signal, while the second method 
is to detect the positive peak signal and the negative peak 
signal of the FM signal for obtaining the DC voltage. The 
first method requires a capacitor with higher capacity for 
obtaining a preferable DC voltage. Since the high capacity 
capacitor needs longer time to recharge, the speed is 
slower. In addition, the high capacity capacitor cannot be 
integrated into IC chips, but has to be connected exter- 
nally. Though use of a smaller capacitor can improve the 
speed, the DC voltage generated by the smaller capacitor, 
however, is not favorable. On the other hand, the second 
method encounters mismatch problems. For example, if 
the positive peak detector is composed of PMOS compo- 
nents while the negative value detector is composed of 
NMOS components, errors of the DC voltage measured by 
the peak detectors will occur due to the dissimilar charac- 
teristics of PMOS components and NMOS components. 
Summary of Invention 

[0007] It js therefore a primary objective of the present invention 
to provide an FM demodulator including a DC offset de- 
tector to solve the above problems. 

[0008] According to the claimed invention, an FM demodulator is 



disclosed. The FM demodulator includes a differential 
output demodulator for receiving an FM signal, and for 
outputting a positive differential signal and a negative dif- 
ferential signal of a demodulated signal of the FM signal, 
a DC offset detector electrically connected to the differen- 
tial output demodulator for generating a DC offset signal 
according to peak signals of the positive differential signal 
and the negative differential signal, a correction circuit 
electrically connected to the differential output demodula- 
tor and the DC offset detector to compensate for the de- 
modulated signal according to the DC offset signal, and a 
received signal strength indicator (RSSI) electrically con- 
nected to the DC offset detector for switching on and 
switching off the DC offset detector depending on the 
strength of the demodulated signal. 
[0009] The DC offset detector includes a first peak detector for 
measuring a peak signal of the positive differential signal, 
a second peak detector for measuring a peak signal of the 
negative differential signal, and a calculation circuit con- 
nected to the first peak detector and the second peak de- 
tector for generating the DC offset signal according to the 
peak signals measured by the first peak detector and the 
second peak detector. 



[0010] In a first embodiment, tlie calculation circuit is a subtrac- 
tion circuit for subtracting the peak signal of the second 
peak detector from the peak signal of the first peak de- 
tector for measuring the DC offset signal (a differential 
offset signal). 

[0011] In a second embodiment, the calculation circuit includes a 
subtraction circuit and a dividing circuit. The subtraction 
circuit subtracts the peak signal of the second peak de- 
tector from the peak signal of the first peak detector. The 
dividing circuit is connected to the subtraction circuit and 
divides the output signal of the subtraction circuit by two 
for obtaining the DC offset signal (a single ended offset 
signal). 

[0012] According to a third embodiment, the calculation circuit 
includes an addition circuit, a dividing circuit, and a sub- 
traction circuit. The addition circuit adds the peak signal 
of the first peak detector and the peak signal of the sec- 
ond peak detector together. The dividing circuit con- 
nected to the addition circuit divides the output signal of 
the addition circuit by two. The subtraction circuit con- 
nected to the dividing circuit then subtracts the output 
signal of the dividing circuit from the peak signal of the 
first peak detector so that the DC offset signal (a single 



ended offset signal) is obtained. 

[0013] Tliese and other objectives of tlie present invention will no 

doubt become obvious to those of ordinary skill in the art 

after having read the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0014] Fig.l is a schematic diagram of a conventional FM demod- 
ulator. 

[0015] Fig. 2 is a schematic diagram of an FM demodulator of the 
present invention. 

[0016] Fig. 3 is a waveform diagram of the positive differential 
signal and the negative differential signal. 

[0017] Fig. 4 to Fig. 6 are schematic diagrams respectively illus- 
trating three embodiments of the calculation circuit shown 
in Fig. 2. 

[0018] Fig. 7 is a schematic diagram of the first peak detector 

shown in Fig. 2. 
Detailed Description 

[0019] Please refer to Fig. 2. Fig. 2 is a schematic diagram of an 
FM demodulator 30 of the present invention. As shown in 
Fig. 2, the FM demodulator 30 includes a differential out- 



put demodulator 32, a DC offset detector 34, a received 
signal strength indicator (RSSI) 36, and a correction circuit 
38. The differential output demodulator 32 receives an FM 
signal, and outputs a positive differential signal and a 
negative differential signal of the demodulated signal of 
the FM signal. The DC offset detector 34 is electrically 
connected to the differential output demodulator 32, and 
generates a DC offset signal according to the positive dif- 
ferential signal and the negative differential signal so as 
to compensate for the demodulated signal. The DC offset 
detector 34 includes a first peak detector 40, a second 
peak detector 42, and a calculation circuit 44. The first 
peak detector 40 receives the positive differential signal 
and measures a peak signal of the positive differential 
signal, while the second peak detector 42 receives the 
negative differential signal and measures a peak signal of 
the negative differential signal. It is noted that the peak 
signal measured by the first peak detector 40 and the 
peak signal measured by the second peak detector 42 are 
inphase. In other words, the first peak detector 40 mea- 
sures the positive peak signal of the positive differential 
signal and the second peak detector 42 measures the 
positive peak signal of the negative differential signal, or 



the first peak detector 40 measures the negative peal< 
signal of the positive differential signal and the second 
peak detector 42 measures the negative peak signal of the 
negative differential signal. In such case the first peak de- 
tector 40 and the second peak detector 42 can be made of 
the same components, such as PMOS components or 
NMOS components. Consequently, errors due to compo- 
nent mismatch will not occur. The calculation circuit 44 is 
connected to the first peak detector 40 and the second 
peak detector 42 for generating the DC offset signal in 
accordance with the peak signals of the first peak detector 
40 and the second peak detector 42. 

[0020] The RSSI 36, electrically connected to the DC offset detec- 
tor 34, detects the strength of the FM signal received by 
the differential output demodulator 32 so as to switch on 
and switch off the DC offset detector 34. The correction 
circuit 38 is electrically connected to the differential out- 
put demodulator 32 and the DC offset detector 34, and 
compensates for the demodulated signal generated by the 
differential output demodulator 32 according to the DC 
offset signal generated by the DC offset detector 34. 

[0021] Please refer to Fig. 3. Fig. 3 is a waveform diagram of the 
positive differential signal and the negative differential 



signal, where Vpl represents the positive peal< signal of 
the positive differential signal, Vp2 represents the positive 
peak signal of the negative differential signal, Vp repre- 
sents the deviation from the peak signal to the DC portion 
of the positive (or negative) differential signal, Vcm repre- 
sents an ideal DC voltage, and Vd represents the offset of 
DC portion of the positive (or negative) differential signal 
with respect to the ideal DC voltage. Vpl and Vp2 can be 
described as: 
[0022] Vpl = Vcm + Vd + Vp Eq.l 

[0023] vp2 = Vcm - Vd + Vp Eq.2 

[0024] Subtracting Eq.2 from Eq.l obtains 

[0025] (Vpl - Vp2) = 2Vd Eq.3 

[0026] where 2Vd is referred to as differential offset voltage, and 
Vd is referred to as single ended offset voltage. In addi- 
tion, Vd can be obtained by the following three calcula- 
tions: 

[0027] i.vd = (Vpl- Vp2)/2 Eq.4 
[0028] 2.Vd = (Vpl)/2 - (Vp2)/2 Eq.5 
[0029] 3.vd = Vpl - (Vpl+Vp2)/2 Eq.6 

[0030] Please refer to Fig. 4 to Fig. 6. Fig. 4 to Fig. 6 are schematic 



diagrams respectively illustrating three embodiments of 
the calculation circuit 44 shown in Fig. 2. As shown in 
Fig. 4, the calculation circuit 44 is a subtraction circuit 46. 
The peak signal Vp2 measured by the second peak detec- 
tor 42 is subtracted from the peak signal Vpl measured 
by the first peak detector 40 by the subtraction circuit 46, 
and thereby generating the DC offset signal 2Vd (with ref- 
erence to Eq.3). Accordingly, the correction circuit 38 
compensates for the demodulated signal according to 
2Vd. As shown in Fig. 5, the calculation circuit 44 includes 
a subtraction circuit 48 and a dividing circuit 50. The peak 
signal Vp2 measured by the second peak detector 42 is 
subtracted from the peak signal Vpl measured by the first 
peak detector 40 by the subtraction circuit 48. Then the 
output signal of the subtraction circuit 48 is divided by 
two by the dividing circuit 50 for generating the DC offset 
signal Vd (with reference to Eq.4), so that the correction 
circuit 38 compensates for the demodulated signal ac- 
cording to Vd. As shown in Fig. 6, the calculation circuit 44 
includes an addition circuit 52, a dividing circuit 54, and a 
subtraction circuit 56. The peak signal Vpl measured by 
the first peak detector 40 and the peak signal Vp2 mea- 
sured by the second peak detector 42 are added together 



by the addition circuit 52. Tlien tlie output signal of the 
addition circuit 52 is divided by two by the dividing circuit 
54. Finally the output signal of the dividing circuit 54 is 
subtracted from the peak signal Vpl measured by the first 
peak detector 40 for generating the DC offset signal Vd 
(with reference to Eq.6), so that the correction circuit 38 
compensates for the demodulated signal according to Vd. 
[0031] Please refer to Fig. 7. Fig. 7 is a schematic diagram of the 
first peak detector 40 shown in Fig. 2. As shown in Fig. 7, 
the first peak detector 40 includes a first amplifier 60, a 
second amplifier 62, a diode 64, and a capacitor 66. The 
positive input end of the first amplifier 60 is the input end 
of the first peak detector 40, and the output end of the 
second amplifier 62 is connected to both the negative in- 
put ends of the first amplifier 60 and the second amplifier 
62 to form a negative feedback loop. The diode 64 is con- 
nected to the output end of the first amplifier 60 and the 
positive input end of the second amplifier 62, and the ca- 
pacitor is connected to the positive input end of the sec- 
ond amplifier 62 at one end, and grounded at the other 
end. When the input voltage of the first peak detector 40 
is larger than its output voltage, the first amplifier 60 and 
the diode 64 are conducted and thereby recharge the ca- 



pacitor 66. Meanwhile the input voltage and the output 
voltage of the first peak detector 40 are equal. When the 
input voltage of the first peak detector 40 is larger than 
its output voltage, the first amplifier 60 forces the diode 
64 being conducted, and thereby recharge the capacitor 
66. Meanwhile the input voltage and the output voltage of 
the first peak detector 40 are equal. When the input volt- 
age of the first peak detector 40 is smaller than its output 
voltage, the output voltage of the first amplifier 60 is 
smaller than the voltage of the capacitor 66. Accordingly, 
the diode 64 is off, and the voltage on the capacitor 66 is 
held and this maintains the output voltage of the first 
peak detector 40. Since the first peak detector 40 has to 
be kept at the peak voltage over a long period of time, the 
second amplifier 62 serves as a buffer of the capacitor 66. 
It is noted that the first peak detector 40 and the second 
peak detector 42 have identical structures and functions, 
and detect inphase peak signals. Therefore, the first peak 
detector 40 and the second peak detector 42 are com- 
posed of the same components, and errors due to com- 
ponent mismatch are prevented. 
[0032] It can be seen that the differential output demodulator 32 
generates the positive differential signal and the negative 



differential of tlie demodulated signal of the FM signal. 
Then the DC offset detector 34 calculates the DC offset 
signal according to the inphase peak signals of the posi- 
tive differential signal and the negative differential signal. 
Finally, the correction circuit 38 compensates for the de- 
modulated signal according to the DC offset signal gener- 
ated by the DC offset detector 34 and the positive differ- 
ential signal and the negative differential signal generated 
by the differential output demodulator 32. 
[0033] In comparison with the prior art, the FM demodulator of 
the present invention uses the DC offset detector to de- 
tect inphase peak signals of the positive differential signal 
and the negative differential signal for executing DC off- 
set compensation. Since the two peak signals respectively 
measured by the first peak detector and the second peak 
detector are inphase, the first peak detector and the sec- 
ond peak detector can be composed of identical compo- 
nents. On the other hand, the prior art peak detectors 
have to detect the positive peak signal and the negative 
peak signal of the same signal, and thus must be com- 
posed of different components. This generates errors due 
to component mismatch. Conclusively, the present inven- 
tion corrects this disadvantage without adding the cost of 



the DC offset detector. 
[0034] Those skilled in the art will readily appreciate that numer- 
ous modifications and alterations of the FM demodulator 
may be made without departing from the scope of the 
present invention. Accordingly, the above disclosure 
should be construed as limited only by the metes and 
bounds of the appended claims. 



